Background: Extraction conditions greatly affect composition, as well as biological activity. Therefore, optimization is essential for maximum efficacy. Methods: Korean Red Ginseng (KRG) was extracted under different conditions and antioxidant activity, extraction yield, and ginsenoside Rg1 and phenolic content evaluated. Optimized extraction conditions were suggested using response surface methodology for maximum antioxidant activity and extraction yield. Results: Analysis of KRG extraction conditions using response surface methodology showed a good fit of experimental data as demonstrated by regression analysis. Among extraction factors, such as extraction solvent and extraction time and temperature, ethanol concentration greatly affected antioxidant activity, extraction yield, and ginsenoside Rg1 and phenolic content. The optimal conditions for maximum antioxidant activity and extraction yield were an ethanol concentration of 48.8%, an extraction time 73.3 min, and an extraction temperature of 90 C. The antioxidant activity and extraction yield under optimal conditions were 43.7% and 23.2% of dried KRG, respectively. Conclusion: Ethanol concentration is an important extraction factor for KRG antioxidant activity and extraction yield. Optimized extraction conditions provide useful economic advantages in KRG development for functional products.
Introduction
Panax ginseng Meyer (Araliaceae), commonly known as Korean Ginseng, is one of the most widely used traditional medicines. P. ginseng roots are used as a tonic to enhance immune response and consequent health and longevity [1, 2] . Diverse beneficial effects, such as anticancer, anti-diabetic, neuroprotective, and anti-inflammatory activities have also been reported [3e6] .
To increase useful components and biological activities of Korean Ginseng, various preparation methods have been investigated. Drying after steaming, which produces Korean Red Ginseng (KRG), is well known for the production of new active constituents [7e10] . Fermentation or treatment in acidic conditions is also suggested for production of and/or increasing active constituents [11e14] .
In order to use P. ginseng in traditional medicine or for development as functional foods, appropriate extraction procedures are indispensable. Extraction procedures are also important in determining extract efficacy. Many factors, such as extraction solvent, extraction time and temperature, and solideliquid ratios, affect extract composition, as well as biological activity [15e17] .
Therefore, optimization of extraction conditions is required for maximum efficacy. Response surface methodology (RSM) is a useful statistical tool that can derive optimal conditions by considering several factors simultaneously. RSM consists of mathematical and statistical methods and derives optimal conditions based on experimental data obtained from rationally designed experiments [18e20] . Therefore, RSM is an effective method for optimization of extraction conditions, especially in cases involving multiple variables.
Oxidative stress describes an imbalance between the production of reactive oxygen species and antioxidant defenses. It is a major contributor to age-related symptoms and pathogenesis of many diseases, such as cancer, diabetes, atherosclerosis, neurodegenerative diseases, and osteoporosis [21, 22] . Consumption of antioxidant-rich fruits or botanical extracts minimizes senescence and chronic disease [23e25] . KRG reportedly exhibits beneficial effects against various diseases through enhancing antioxidant defense [26e29] .
In the present study, we investigated the impact of KRG extraction conditions on antioxidant activity using RSM. Given the importance of extraction efficiency for further product development, the extraction yield was also compared. Additionally, ginsenoside Rg1 and phenolic content were also measured. Ultimately, optimized extraction conditions for maximum antioxidant activity and maximum extraction yield using RSM are suggested.
Materials and methods

Plant material
KRG was purchased from a local herbal market in Chungbuk, Korea, in September 2014. They were identified by the herbarium of College of Pharmacy at Chungbuk National University, where a voucher specimen was deposited (CBNU201409-KRG). Ginsenoside Rg1 was purchased from Baoji Herbest Bio-Tech Co., Ltd (Baoji, Shaanxi, China).
Preparation of KRG extract
Powdered KRG (500 mg) was weighed and extracted with 10 mL extraction solvent as indicated in Table 1 . The solvent was evaporated and the extract analyzed for antioxidant activity. For HPLC analysis, each sample solution was filtered through a 0.45 mm membrane filter.
Antioxidant activity
KRG antioxidant activity was evaluated by measuring free-radical scavenging activity using 2,2-diphenyl-1-picrylhydrazyl (DPPH). Briefly, extracts prepared from different extraction conditions were mixed with freshly prepared DPPH solution. After shaking, the reaction mixtures were allowed to stand for 30 min at room temperature in a dark environment. The radical scavenging activity was determined by measuring the absorbance at 517 nm. The relative radical scavenging activity (%) was calculated as [1 À absorbance of solution with sample and DPPH / absorbance of solution with DPPH] Â 100.
Experimental design for RSM
A Box-Behnken design (BBD) with three variables and three levels was used to optimize the extraction conditions of KRG. Target responses were selected as antioxidant activity, extraction yield, and ginsenoside Rg1 and phenolic content. The independent extraction variables for extraction solvent (ethanol) (X 1 ), extraction time (X 2 ), and extraction temperature (X 3 ) were chosen for this study and their ranges determined based on a preliminary singlefactor experiment. As shown in Table 1 , the complete design consisted of 15 experimental points, including three replicates of the center points (all variables were coded as zero).
Regression analysis was performed according to the experimental data. The mathematical model is described by the following equation:
where Y is the response, b 0 is the constant coefficient, b i is the linear coefficient, b ii is the quadratic coefficient, and b ij is the interaction coefficient. The statistical significance of the coefficients in the regression equation was checked by analysis of variance (ANOVA). The fitness of the polynomial model equation to the responses was evaluated with the coefficients of R 2 and lack of fit was evaluated using an F-test. 
HPLC conditions for the quantitation of ginsenoside Rg1
Analysis was performed using a Waters HPLC system (Waters Corp., Milford, MA, USA) equipped with Waters 515 pumps, a 2996 photodiode array detector, and Waters Empower software using YMC J'sphere ODS-H80 [YMC America, Inc., Allentown, PA, USA; (4 mm, 150 mm Â 4.6 mm)] for quantitation. Chromatographic separation was accomplished using a gradient solvent system of acetonitrileewater (ratio range, 20:80 to 50:50) for 30 min at a flow rate of 1.0 mL/min. Molecule detection was achieved using an evaporative light-scattering detector (Waters Corp., Milford, MA, USA) (Fig. 1) .
Stock standard solution of ginsenoside Rg1 was prepared in methanol at a concentration of 1.0 mg/mL. Standard working solutions were prepared with serial dilutions of 0.01, 0.02, 0.10, 0.25, and 0.50 mg/mL, and used to generate calibration curves. A good linearity of calibration curves for ginsenoside Rg1 was achieved with a correlation coefficient of 0.9998.
Measurement of total phenolic content
The total phenolic content was measured using a FolinCiocalteau assay. Folin-Ciocalteau's phenol reagent was added to the 96-well plate containing the test samples. After 5 min of incubation with gentle shaking, 7% Na2CO3 was added to the reaction mixture, and the mixture was left in the dark for 90 min at room temperature. The absorbance was measured at 630 nm using a microplate reader and total phenolic content expressed as gallic acid equivalents using gallic acid as a standard.
Results
Model fitting
To evaluate the multiple effects of extraction factors on antioxidant activity, extraction yield, and ginsenoside Rg1 and phenolic content, a BBD with a three-level factor was employed. The ranges of these variables were determined as extraction solvent (X 1 , ethanol concentration at 0%, 50%, or 100%), extraction time (X 2 , 30, 60, or 90 min), and extraction temperature (X 3 , 30, 60, or 90 C) based on a preliminary single-factor experiment. The variables were coded at three levels (À1, 0, and 1) and the complete design consisted of 15 experimental points, including three replicates of the center points (all variables were coded as zero), as shown in Table 1 . Table 1 shows that antioxidant activity, extraction yields and ginsenoside Rg1 and phenolic content varied depending on extraction conditions. Second-order polynomial regression equations were established by RSM to evaluate the relationship between variables and responses. The linear (X 1 , X 2 , and X 3 ), quadratic (X 1 2 , X 2 2 , and X 3 2 ), and interaction coefficients (X 1 X 2 , X 2 X 3 , and X 1 X 3 ) were calculated and the significance of each coefficient determined using t test and p values ( Table 2) . Larger coefficients with a smaller p value (p < 0.05) indicated the considerable effect of these coefficients on the respective responses. Correlations between three independent variables and each response were also estimated by multiple determination (R 2 ). The value of R 2 was 0.959, 0.982, and 0.986 for antioxidant activity, extraction yield, and ginsenoside Rg1 and phenolic content, respectively, which demonstrated the effectiveness of this model. The validity of the models was also confirmed using lack-of-fit testing (Table 3) . an insignificant p value for lack of fit (p > 0.05) for three responses indicated the adaptability of this model to experimental data. Relationships between every two variables for antioxidant activity, extraction yield, and ginsenoside Rg1 and phenolic content are shown in threedimensional response surface plots based on regression equations ( Figs. 2e4) . Collectively, this model adequately fits the experimental data and is suitable for optimization.
Effect of extraction variables on antioxidant activity
Multiple regression analysis on the experiment data yielded the second-order polynomial regression equation for coded values as follows:
Antioxidant activity ð%Þ ¼ 40:13 À 1:06X 1 þ 0:99X 2 þ 2:23X 3 À 15:92X Table 2 shows that the quadratic term for ethanol concentration (X 1 2 ) had the most significant effect on antioxidant activity, followed by interaction terms for ethanol concentration and extraction temperature (X 1 X 3 ). Other variables, however, were not significant in this model. The fitness of the predicted model was supported by F ¼ 12.37 and p ¼ 0.006. An insignificant lack-of-fit value of p ¼ 0.100 also indicated that the model adequately fit the experimental data. Overall, statistical analysis supported good fits between experimental and predicted values and the suitability of this polynomial model for further optimization.
Three-dimensional response surfaces describing antioxidant activity are shown in Fig. 2 . Figs. 2A and 2B showed the quadratic effects of ethanol concentration on antioxidant activity. Antioxidant activity slightly improved with increasing ethanol concentrations up to a certain level, but diminished thereafter. Extraction temperature showed linear effects on antioxidant activity, as antioxidant activity improved with increasing extraction temperatures (Fig. 2B) . However, antioxidant activity showed minimal changes relative to extraction time ( Figs. 2A and 2C) .
Taken together, response surface analysis, as well as statistical analysis, indicated that KRG antioxidant activity was greatly impacted by ethanol concentration changes, whereas little effect was observed related to extraction temperature and time.
Effect of extraction variables on extraction yield
A second-order polynomial regression equation for extraction yield using coded values was derived from multiple regression analysis on the experimental data as follows:
Extraction yield ð%Þ ¼ 19:33 À 9:55X 1 À 0:04X 2 þ 3:24X 3 The linear (X 1 ) and quadratic (X 1 2 ) terms for ethanol concentration exhibited the most significant effects on extraction yield, with p < 0.001 and p < 0.002, respectively ( ) and the adjusted coefficient determination (adj. R 2 ) were 0.982 and 0.949, respectively, and the lack-of-fit value was p ¼ 0.162. These results supported the good fit of experimental values and predicted ones. Three-dimensional response surface plots for extraction yield are shown in Fig. 3 . Consistent with regression analysis results, the linear effect of ethanol concentration was inversely proportional to extraction yield (Figs. 3A and 3B ). Extraction temperature showed linear effect on extraction yield and as extraction temperature increased, extraction yield also increased (Fig. 3C) . Extraction time showed mixed effects that were dependent upon other variables.
Collectively, response surface analysis, as well as statistical analysis, indicated that extraction yield was noticeably affected by ethanol concentration to a greater degree than extraction temperature.
Effect of extraction variables on ginsenoside Rg1 and phenolic content
Multiple regression analysis of the experimental data yielded the second-order polynomial regression equation for coded values as follows:
Rg1 content ðmg=g extractÞ ¼ 2:99 À 8:
Phenolic content ðmg=g extractÞ
As given in Table 2 , the linear (X 1 ) and quadratic (X Three-dimensional response surface plots for ginsenoside Rg1 content also showed the dramatic effect of ethanol concentration on ginsenoside Rg1 content. Using a fixed temperature of 60 C, ethanol concentration exerted a linear effect on ginsenoside Rg1 content (Fig. 4A) , as ginsenoside Rg1 content increased with increasing ethanol concentration. Using a fixed time of 60 min, ethanol concentration exhibited a quadratic effect on ginsenoside Rg1 content (Fig. 4B) . Ginsenoside Rg1 content began to decrease slightly up to a certain ethanol concentration, but increased thereafter. However, ginsenoside Rg1 content displayed minimal changes relative to extraction time and temperature as compared to ethanol concentration (Figs. 4Ae4C) .
Three-dimensional response surface plots for phenolic content also showed the dramatic effects associated with ethanol concentration. However, contrary to ginsenoside Rg1 content, phenolic content decreased with increasing ethanol concentration (Figs. 4D and 4E). Phenolic content showed minimal changes relative to extraction time and temperature as compared to ethanol concentration (Fig. 4F) .
Correlation between antioxidant activity, extraction yield, and ginsenoside Rg1 and phenolic content
In the present study, KRG extracts prepared from 15 different extraction conditions were evaluated for antioxidant activity, extraction yield, and ginsenoside Rg1 and phenolic content. As shown in Table 1 , responses varied greatly depending on extraction conditions. Therefore, correlations between each response were investigated. First, correlation between antioxidant activity and extraction yield was analyzed. Little correlation was observed between antioxidant activity and extraction yield, as demonstrated by the value R 2 ¼ 0.178 (Fig. 5A) . Next, correlation between antioxidant activity and ginsenoside Rg1 and phenolic content was analyzed. Ginsenosides are characteristic saponins of ginseng known to play an important role in ginseng pharmacological activity [30e33]. Antioxidant mechanism of ginsenosides, including Rg1, is involved in diverse biological activity [32e34]. However, antioxidant activity was not proportional to ginsenoside Rg1 content and little correlation was observed, as R 2 ¼ 0.281 (Fig. 5B) . Analysis of correlation between antioxidant activity and phenolic content showed that antioxidant activity was slightly proportional to phenolic content, with R 2 ¼ 0.409 (Fig. 5C ). Ginseng contains diverse constituents, including ginsenosides and phenolic, as well as oligosaccharides and polysaccharides [35e38]. Our present study suggests that antioxidant activity was achieved by the combinatorial actions of diverse ginseng extract components.
Optimization of extraction parameters and verification
We next optimized extraction conditions to achieve maximum antioxidant activity and extraction yield. Based on our results, an optimized extraction condition for maximum antioxidant activity and extraction yield was determined at ethanol concentration of 46.8%, an extraction time of 73.0 min, and a temperature of 90.0 C, which predicted 40.7% of antioxidant activity and a 24.9% extraction yield. KRG extract prepared under this condition exhibited 43.7% antioxidant activity and 23.2% extraction yield, correlating with predicted values (Table 4) . Thus, this model is suitable for optimizing the KRG extraction process.
KRG is widely developed as functional ingredients for diverse activities. Antioxidant activity is a representative effect of KRG and contributes to diverse pharmacological uses, such as anti-fatigue, immunomodulatory, anticancer, and metabolic disorder medication. Therefore, maximum antioxidant activity is essential in the delivery of a high quality product. As shown in Fig. 5A , the antioxidant activity of KRG extract prepared under optimized extraction conditions was 43.7%, which is a stronger result relative to 15 other extraction conditions. Therefore, KRG extract prepared under these conditions will be more effective to applications involving human health. For the development of KRG as a product, economic efficiency is also required. Although higher extraction yields can be achieved from other extraction conditions (Fig. 5A) , effectiveness is more important than extraction yield for the development of functional products. Therefore, the optimized conditions were preferentially focused on antioxidant activity in our present study. These optimized extraction conditions provide adequate extraction yields as compared to 15 other extraction conditions.
In conclusion, efficacy and extraction yields are greatly impacted by extraction conditions, especially extraction solvent. Our present study provides optimized extraction conditions for maximum antioxidant activity and extraction yield. This will provide useful information for KRG development that offers not only maximum efficacy, but also economic efficiency.
Conflicts of interest
The authors declare no conflicts of interest.
